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ABSTRACT 
 
The calcium leaching of hydrated cement system when in contact with external solution has long been 
recognised as a critical problem for cementitious materials, and it can result in degradations on mechanical 
properties. In this research, an integrated numerical scheme is developed to simulate the degradation of Young's 
modulus of cementitious materials under leaching. Firstly, a cement hydration module is proposed and employed 
to predict the characteristics of the hydrated cement including pore structures, contents of hydrates and 
concentrations of initial interstitial solution. Then the hydration data obtained are incorporated into a coupled 
reactive diffusion procedure to evaluate the change of hydrate contents under the prescribed boundary conditions. 
Finally, a micromechanical approach, Mori-Tanaka method, is employed to evaluate the degradation of Young's 
modulus of the cementitious material. The accelerated leaching tests in 6M (6 mol L⁄ ) of ammonium nitrate 
solution, which became popular recently in view of the extremely slow degradation kinetics of leaching in 
deionized water, are studied numerically in this study. The developed numerical scheme is employed to model 
two experiments, and the good agreements between the numerical results and the experimental measurements in 
terms of hydration outputs, leaching profiles and Young’s moduli, demonstrate the applicability and accuracy of 
the proposed numerical scheme.  
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INTRODUCTION 
 
As a very reactive media, the physical and mechanical properties of cementitious materials may be subjected to 
degradation from the external environment (Baur et al. 2004). Leaching is the most common reason for 
degradation as cementitious materials are often in contact with the actions of rain or flowing water (Carde et al. 
1997). The external water solutions with low ionic concentrations readily generate concentration gradient which 
results in the diffusion of ions in the pore solution of cementitious materials. The ionic transport disturbs the 
original equilibriums between cement hydrates and the interstitial solution, leading to dissolution/precipitation of 
cement hydrates and thus the leaching of multiple ions. The alteration of hydrate compositions contributes to 
changes of pore structure and material integrity. The collective influences would finally degrade the mechanical 
properties such as elastic moduli and strength.  
 
A large number of experiments were conducted to investigate the degradation of cementitious material by 
leaching. The extremely low degradation kinetics of natural leaching have been widely recognized as the main 
factor that has hindered this study (Wan et al. 2013). It was reported that the leaching front of concrete 
submerged in field water for 100 years was only about 5 to 10 mm (Alonso et al. 2006). The widely adopted 
laboratory leaching by deionized water possesses faster leaching kinetics in compared with field water 
(Moranville et al. 2004). However, the general leaching speed of deionized water was still too slow to generate 
considerably degraded specimens for further mechanical testing. Recently, an increasing number of laboratory 
tests applied the accelerated leaching protocol by using 6M (6 mol/L) ammonium nitrate solution (Gallé et al. 
2004, Moranville et al. 2004). Thanks to this testing scheme, the leaching kinetics could be accelerated at two 
orders of magnitude while the tests still generated the same end products (Thomas et al. 2004). These features 
make the accelerated leaching a very attractive method to experimentally study the calcium leaching influence 
on the mechanical properties.  
 
In view of the increasing popularity of accelerated leaching tests using 6M of ammonium nitrate solution, 
numerical simulations were also performed by many researchers (Gérard et al. 2002, Wan et al. 2013, Wan et al. 
2013). In these reported numerical studies, a simplified method, i.e. the solid-liquid equilibrium curve, was 
generally applied to simulate the calcium leaching under the action of 6M of ammonium nitrate. The mechanism 
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of this method is to force the equilibrium between calcium in solid hydrate and interstitial solution to follow the 
experimentally defined curve. This method has restricted applications as the solid-liquid equilibrium curve has to 
be predefined experimentally. Therefore, the method could become invalid if there were a minor change of the 
boundary conditions, such as using 5M of ammonium nitrate solution instead of 6M. Besides, the accuracy of 
this method dropped significantly when simulating those tests under long-term degradation or the specimens 
prepared with different water-to-cement ratios (Gérard et al. 2002, Wan et al. 2013). In addition, most of the 
published studies focused on the understanding and the modelling of chemical degradation and mechanical 
degradation separately. Few researches studied the integrated problem including simulations of both leaching 
and mechanical properties. The difficulty majorly lies in obtaining appropriate data for mechanical studies from 
the simplified method of solid-liquid equilibrium curve. Usually, the detailed cement compositions are required 
for the application of micromechanical method for the modelling of elastic properties, such as self-consistent 
method and Mori-Tanaka method (Hill 1965, Mori et al. 1973). However, the reported numerical research on the 
simulation of chemical degradation by using solid-liquid equilibrium curve could only generate total content of 
calcium in the hydrates and the pore solutions. In terms of studies on mechanical properties, most of the 
published researches assumed that the hydrated cement was composed of calcium-silicate-hydrate (C-S-H) as 
matrix while portlandite and capillary pores as inclusions (Bernard et al. 2003, Constantinides et al. 2004). This 
assumption ignored the contributions from other hydrates, which generated predictions with poor accuracy under 
long-term and severe degradations.  
 
In this study, an integrated numerical scheme is developed to simulate the degradation of Young's modulus of 
hydrated cement paste subjected to the accelerated leaching in 6M ammonium nitrate solution. Firstly, a cement 
hydration module is proposed and employed to predict the characteristics of the hydrated cement including pore 
structures, contents of hydrates and concentrations of initial interstitial solution. Then the hydration data 
obtained are incorporated into the coupled diffusion, chemical reaction and damage evaluation modules to 
evaluate the changes of hydrate contents under the prescribed boundary conditions. Finite element method is 
adopted to solve the system of PDEs resulted from the multi-ionic diffusion problem. Finally, the 
micromechanical approach, Mori-Tanaka method, is employed to evaluate the degradation of Young's modulus 
of the cementitious material. An overview of the proposed numerical scheme, which is module-oriented, is 
introduced firstly. Then the detailed methodologies adopted in each module are illustrated. The proposed 
numerical scheme is validated through simulating laboratory experiments. The advantages of the proposed 
numerical scheme and research findings are summarised finally.  
 
NUMERICAL FRAMEWORK 
 
The proposed numerical scheme consists of five modules, i.e. the hydration module, the ionic diffusion module, 
the chemical reaction module, the damage evaluation module and the micromechanical module. An overview of 
the proposed numerical framework is shown in Figure 1.  
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Figure 1 Overview of the proposed numerical framework 
 
Most of the reported experiments only provided basic information for test specimens such as cement type, water-
to-cement ratio, curing duration and so on. The information such as initial hydrate compositions, pore structures, 
ionic concentration of interstitial solution, which is required in the numerical analysis, was usually not provided. 
Thus in the first step, a hydration module is employed to generate the required data. Then, the ionic diffusion 
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module and the chemical reaction module are run sequentially through operator splitting approach (OSA) 
(Kaluarachchi et al. 1995). According to OSA, the simultaneous diffusion-reaction problem is able to be 
decoupled and modelled separately. The validity of using OSA for the present research was proven based on the 
local equilibrium assumption (LEA) (MacQuarrie et al. 2005). Through the application of OSA, the degrees of 
freedom are therefore classified into two categories: primary and secondary degrees of freedom. All the diffusive 
ions and the diffusion-related variables are listed as primary degrees of freedom while the cement hydration 
products subjected to chemical equilibriums are stored as secondary degrees of freedom. By doing so, the 
computational time can be reduced significantly. At the end of each time step, the damages and the 
corresponding influences on the diffusivities are evaluated in the damage evaluation module by using the output 
from chemical reaction module and updated for next time step. Moreover, the standalone micromechanical 
module can readily be coupled into the main procedures to evaluate the elastic properties of cementitious 
material at any degradation duration.  
 
METHODOLOGIES 
 
Hydration Module 
 
To generate a comprehensive set of input data for the subsequent reactive-diffusion analysis, a hydration module 
is applied to characterize the hydrated cement specimens including degree of hydration (DOH), capillary 
porosity, gel porosity, hydrate contents, ionic concentration of initial pore solution and pH value.  
 
The prediction of DOH follows two sequential steps. First, the maximum DOH under the given conditions is 
calculated from Eq. 1-4 according to the work by Lin et al. (Lin et al. 2009), which majorly depends on the 
Blaine fineness of cement clinker, water-to-cement ratio and curing temperature. Then, the overall DOH is 
obtained by calculating the weighted average of DOH of the four major cement compounds including C3S, C2S, 
C3A and C4AF. The calculation of DOH of each cement compound follows the Avrami equation (Dalziel et al. 
1986), see Eq. 5-7. The model is modified in the present research as shown in Eq. 5 by taking the maximum 
DOH (Lin et al. 2009) into consideration.  
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where 𝐵𝑙𝑎𝑖𝑛𝑒 is the Blaine fineness (m2 kg⁄ ), 𝑤 𝑐⁄  is the water-to-cement ratio, 𝛽1 and 𝛽2 are two coefficient 
calculated based on Blaine fineness, SGN is the sign function, and 𝛼𝑢,𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙  is the theoretical maximum DOH 
calculated based on clinker fineness, water-to-cement ratio and curing temperature. In terms of Avrami equation 
(Eq. 5), 𝑎𝑖, 𝑏𝑖  and 𝑐𝑖 are the experimentally defined parameters specified for the 𝑖th compound, which can be 
found in the literature (Jennings et al. 1994).  
 
Other hydration data, such as capillary porosity, gel porosity and tortuosity for the pore structure can be easily 
determined by using the well-developed analytical models (Powers 1958, Garboczi et al. 1992). In addition, the 
hydrate contents and the initial ionic concentration of pore solution can also be determined from the well-
established theories (Taylor 1987, Taylor 1997).  
 
Ionic Diffusion Module 
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Generally, the interstitial solutions of hydrated cementitious materials are highly concentrated with multiple 
kinds of ions. The ionic diffusion of such a solution in the gradually degraded hydrated cement system has been 
recently studied by the authors (Yu et al. 2015). A modified Poisson-Nernst-Planck model (MPNP) model as 
shown in Eq. 8 was proposed. In the MPNP model, an additional term denoted as, cracking suction, which 
accounts for the acceleration effect on diffusion and was caused by newly-formed unsaturated cracks, was added 
to the original PNP model (Samson et al. 2005). The detailed procedures for evaluating the cracking suction 
effect can be found in the reference (Yu et al. 2015).  
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where 𝑤 is the volumetric water content (m3 m3⁄ ), 𝑐𝑖 is the ionic concentration of the 𝑖th ion (mmol L⁄ ), 𝐷𝑖  is 
the diffusion coefficient of the 𝑖th ion (m2 s⁄ ), 𝑧𝑖  is the valence number of the 𝑖th ion (-), 𝐹  is the Faraday 
constant (96488.46  C mol⁄ ), 𝑅  is the ideal gas constant (8.4143 CV K mol⁄⁄ ), 𝑇  is the thermodynamic 
temperature (K), ψ is the electrical potential (V), 𝛾𝑖 is the chemical activity coefficient of the 𝑖th ion calculated 
using modified Davies’ relationship (-) (Samson et al. 1999), 𝐷𝑤  is the moisture diffusivity (m2 s⁄ ), 𝜖 is the 
permittivity of the medium (7.08 × 10−10  C V m2⁄⁄  for room temperature), CSI is the cracking suction index 
calculated at every cracked location, which is updated at each time step according to the saturation level of the 
cracks.  
 
Chemical Reaction Module 
 
As cement is a very reactive material, the change of ionic concentration by diffusion disturbs the equilibriums 
between the cement hydrates and the interstitial solution, which leads to progressive dissolution/precipitation of 
hydrates. The simultaneous diffusion-reaction problem is modelled sequentially in this study using operator 
splitting approach (OSA) on the basis of local equilibrium assumption (LEA). The validity of this approach has 
been proven in reference (Samson et al. 2007). The chemical reactions are solved through the chemical 
equilibrium relationship expressed as Eq. 9. 
 
𝐾𝑚 = ∏ 𝑐𝑖
𝜈𝑚𝑖𝛾𝑖
𝜈𝑚𝑖𝑁
𝑖=1    𝑚 = 1,… ,𝑀  (9) 
 
where 𝐾𝑚 is solubility constant of the 𝑚th hydrate which can be easily found in the chemical handbook (Lide 
2004), 𝜐𝑚𝑖  is the stoichiometric coefficient of the 𝑖th  ion on the 𝑚th  hydrate. If the number of hydrates 
considered in equilibrium is M, then M of Eq. 6 should be solved simultaneously at every node when finite 
element method is applied.  
 
In terms of the complex decalcification of the C-S-H (Chen et al. 2004), the major difficulty in the simulation 
lies in modelling its incongruent chemical behaviour (Berner 1988). C-S-H is usually considered to be 
amorphous which contains several hydration products that follow their own stoichiometry individually. The key 
parameter characterizing the C-S-H is the calcium-to-silicate ratio (Ca/Si). The C-S-H is modelled as two solid 
phases in equilibrium in this study, including Jennite (1.7CaO ∙ SiO2 ∙ 2.1H2O) with a Ca/Si ratio of 1.7 and 
calcium metasilicate (CaH2SiO4) with a Ca/Si ratio of 1.0 to represent decrease of Ca/Si ratio in C-S-H during 
decalcification (Yu et al. 2015).  
 
Damage Evaluation Module 
 
Three major types of damages resulted from chemical reactions are evaluated in this module i.e. change of 
porosity, cracking propagation and cracking suction effect. First, the change of porosity can be easily calculated 
through hydrate contents acquired in the previous chemical reaction module. The corresponding influences on 
ionic and moisture diffusivity are then evaluated according to the work by Samson et al. (Samson et al. 2007). 
The cracking propagation is calculated on the basis of the current porosity through the method proposed in 
Sarkar et al. (Sarkar et al. 2010). Finally, the cracking suction effect is evaluated using the model recently 
developed by the authors (Yu et al. 2015).  
 
Micromechanical Module 
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The micromechanical module proposed in this study is a standalone procedure which can be incorporated with 
the previous modules at any given degradation duration. The methods applied are the well-developed analytical 
methods such as dilute-approximation method (DAM) (Eshelby 1957), self-consistent method (SCM) (Hill 
1965), and Mori-Tanaka method (MTM) (Mori et al. 1973). These methods were all established on the 
framework of the isotropic matrix-inclusion system (Mura 1987), which depended solely on the composition and 
elastic property of each component in a composite. Accordingly, it is straightforward to apply them to evaluate 
the elastic property of hydrated cement with changing hydrate compositions.  
 
In view of the simplicity and high accuracy of the MTM, which considers the interaction between inclusions in 
an explicit manner, the MTM is applied in the present study to evaluate the Young’s modulus of a cement paste 
leaching in 6M of ammonium nitrate solution.  
 
NUMERICAL VALIDATIONS 
 
Two accelerated leaching tests by 6M of ammonium nitrate solution, reported in the literature (Gallé et al. 2004, 
Moranville et al. 2004), are simulated using the proposed numerical scheme. The experiments were all 
conducted on hydrated cement pastes prepared with different water-to-cement ratio and curing conditions. The 
leaching durations of both tests were also different. The experiment conducted in the Ref. (Moranville et al. 2004) 
only lasted for 19 days to show the accelerating effect of highly concentrated ammonium nitrate solution 
compared with the deionized or field water. The other experiment (Gallé et al. 2004) lasted for a 210-day 
duration to generate a portlandite-depleted specimen, which was then applied to evaluate degradation of elastic 
properties by measuring the dynamic elastic modulus. The chemical compositions of cements and the 
preparation details of specimens are listed in Table 1. One-dimensional finite element analyses are carried out, 
according to the test setup detailed in the reference (Gallé et al. 2004, Moranville et al. 2004), to simulate the 
reactive diffusion process.  
 
Table 1Properties of the cement-paste specimens 
  
Test 1 
(Moranville 
et al. 2004) 
Test2  
(Gallé et al. 
2004) 
Chemical compositions of cement (% in mass) 
CaO 67.4 67.3 
SiO2 23.4 23.7 
Al2O3 3.05 2.8 
SO3 2.1 1.9 
Fe2O3 2.15 2.3 
K2O 0.15 0.2 
Na2O 0.1 0.2 
Blaine fineness (m2/kg) 380 310.5 
W/C (-) 0.4 0.45 
Curing temperature (℃) 20 20 
Curing duration (months) 5 72 
Leaching duration (days) 19 210 
 
Simulation of Test 1 
 
Following the numerical framework discussed above, the hydration module is run first to generate the input data 
for the subsequent simulations of chemical degradation. The paper (Moranville et al. 2004) provided the 
experimentally determined total porosity and initial portlandite content for the sound specimen. These data are 
compared with the numerical results obtained from the proposed method in Table 2. In the experiment, the 
chemical degradation of specimen is mainly characterized by leached depth, which is usually determined by 
using phenolphthalein or X-Ray diffraction (XRD) to measure the depletion front of portlandite. The leached 
depth obtained through the proposed numerical scheme is also confronted with the experimental result in Table 2.  
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Table 2 Numerical validation through Test 1 
  
Experiment 
(Moranville 
et al. 2004) 
Simulation Error 
Total porosity (%) 39 36.9 5.4% 
Initial portlandite (g/kg) 196 198.003 1.02% 
Leached depth (mm) 6.8±0.5 6.6±0.4 2.9% 
 
In terms of the total porosity and the initial portlandite content, the proposed hydration module gives accurate 
predictions. The leached depth obtained through the coupled diffusion, reaction and damage evaluation modules 
matches the experimental result well, and this demonstrates the applicability and accuracy of the proposed 
numerical scheme. In addition, detailed evolutions of hydrate compositions are also predicted from the numerical 
scheme and the results are shown in Figure 2. In Figure 2, the hydrate contents are shown against the ionic 
diffusion path where the origin of X axis represents the exposure surface of specimen. From the figure, the 
dissolution front of portlandite can also be found easily, which is around 6.6 mm. These data form the bases for 
the later application of micromechanical module for the prediction of the degradation of Young’s modulus. It 
should be mentioned that the mechanical properties were not tested in the Ref. (Moranville et al. 2004), thus the 
developed micromechanical model is not applied for this test.  
 
 
Figure 2 Evolution of hydrate compositions 
 
Simulation of Test 2 
 
Long duration (210 days) of leaching in 6M of ammonium nitrate solution was conducted to obtain a portlandite-
depleted specimen (Gallé et al. 2004). An ultrasonic testing system was applied to both sound and leached 
specimens to measure the dynamic Young’s moduli, which is considered to be the same in mechanical definition 
with Young’s moduli that measured statically, however, possesses a higher accuracy (Plachy et al. 2009). This 
test is also simulated using the proposed numerical scheme, including the micromechanical module, to predict 
the elastic properties of both the sound and degraded cement paste.  
 
Intrinsic elastic properties for hydrated cement components 
 
To apply the micromechanical method to predict the Young’s moduli of composites with random compositions 
of matrix and inclusions, the elastic property of the individual component that contributes to the overall 
behaviour should first be known. Applying nanoindentation technique, the elastic properties for most of the 
inclusions in the hydrated cement such as portlandite, monosulfate (AFm), gypsum and ettringite (AFt) can be 
measured in a very small size (Nano-scale), which can ensure the elastic properties obtained are the intrinsic 
properties of the hydrated cement components (Constantinides et al. 2004).  
 
In terms of calcium-silicate-hydrate (C-S-H), a recent study (Constantinides et al. 2004) confirmed the existence 
of two types of C-S-H, namely the low-density C-S-H and high-density C-S-H. They have their own intrinsic 
elastic properties for both sound and leached state, and do not change according to cement mixture or curing 
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conditions. The experimentally measured elastic properties of the two types of C-S-H obtained by 
nanoindentation (Constantinides et al. 2004) are shown in Table 3.  
 
Table 3 Elastic properties of two types of C-S-H obtained by nanoindentation (Constantinides et al. 2004) 
  Young's moduli (GPa)   Poisson’s ratio 
  Nondegraded Degraded   Nondegraded Degraded 
Low-density C-S-H 21.7±2.2 3.0±0.8  0.24 0.24 
High-density C-S-H 29.4±2.4 12.0±1.2   0.24 0.24 
 
Furthermore, the relative content of the two types of C-S-H is also a necessary parameter for the prediction of 
the overall elastic property of hydrated cement. An analytical model for predicting the relative content of the two 
types of C-S-H was proposed (Tennis et al. 2000). Applying this model, the relative volumetric fraction can be 
easily calculated. According to the study (Constantinides et al. 2004), the relative volumetric fraction of the two 
types of C-S-H is not affected by decalcification of C-S-H. As a result, the relative fraction is decided only by 
water-to-cement ratio and the initial DOH calculated in the hydration module.  
 
The theory of the two types of C-S-H is applied in this study to determine the intrinsic elastic properties of 
Jennite and calcium metasilicate (Tennis et al. 2000, Constantinides et al. 2004). As C-S-H is modelled as 
Jennite and calcium metasilicate in this study to represent the progressive decalcification, the properties of 
nondegraded C-S-H are assigned to Jennite, while the degraded ones are assigned to calcium metasilicate. The 
intrinsic elastic properties of each hydrate components are shown in Table 4. The values applied are all defined 
experimentally by other researchers except the values for Jennite and calcium metasilicate, which are calculated 
in this study.  
 
Table 4 Intrinsic elastic properties of hydrated cement components 
Component Young's modulus (GPa) Poisson’s ratio Reference 
Portlandite (CH) 38±5 0.305 (Kamali et al. 2004) 
Monosulfate (AFm) 42.3 0.324 (Kamali et al. 2004) 
Gypsum (G) 38±5 0.33 (Kamali et al. 2004) 
Ettringite (AFt) 22.4 0.25 (Kamali et al. 2004) 
Saturated pore 0.001 0.499924 (S˘milauer et al. 2006) 
Empty pore 0.001 0.001 (S˘milauer et al. 2006) 
Unhydrated clinkers 133.8 0.3 (Velez et al. 2001) 
Silica gel 0 0.01 (Bernard et al. 2008) 
Gibbsite 0 0.01 (Bernard et al. 2008) 
Jennite 27.1 0.24 * 
Calcium metasilicate 6.6 0.24 * 
* Calculated values from this study 
 
Application and validation of micromechanical module 
 
Mori-Tanaka method (MTM) (Mori et al. 1973) is applied to predict the elastic properties of the macroscopically 
isotropic materials such as cement paste. The two-level homogenization approach proposed in reference 
(Constantinides et al. 2004) is used to upscale the contributions of cement components from micro scale to 
macro scale.  
 
The C-S-H related components including Jennite, calcium metasilicate and amorphous silica gel present at a 
scale of 10−6  −  10−8m, which is considered as the first level (Level I) of homogenization. Among them, 
Jennite is functioned as a matrix while the rest two are considered as inclusions. The elastic properties of the 
homogenized C-S-H are then adopted in a larger level of homogenization, which is regarded as Level II (10−4  −
 10−3m). At this level, the homogenized C-S-H is a matrix together with larger crystals as inclusions which 
include portlandite, AFm, AFt, gypsum, pores and unhydrated cement clinkers if hydration was not complete. 
This is also the level that was assessed by ultrasonic testing system to measure the dynamic elastic modulus 
(Gallé et al. 2004). 
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Through simulating the long-duration test conducted by Gallé et al. (Gallé et al. 2004), a portlandite-depleted 
specimen is obtained numerically in this study. The detailed hydrate compositions of the main components are 
shown in Figure 3. From this figure, it is found that portlandite is completely depleted while other hydrates are 
also severely degraded. For the area close to the exposure surface (around 4 mm), hydrated cement is fully 
replaced by the amorphous silica gel. The evolution of Young’s moduli along the diffusion path is also obtained 
from numerical modelling and is shown along with the total calcium content in the hydrates in Figure 4.  
 
 
Figure 3 Evolution of hydrate compositions 
 
 
Figure 4 Evolutions of total calcium contents and Young’s moduli 
 
As seen in Figure 4, the evolution of Young’s modulus follows the tendency of the evolution of total calcium 
content very well. The depletion of portlandite clearly introduces a major decrease of Young’s modulus. The 
complete decalcification of C-S-H then vanish the elastic properties of degraded cement. Furthermore, the 
average Young’s moduli for both the sound and degraded specimens are also calculated and they are shown in 
Table 5. Good agreements can be found between the calculated moduli and experimental results.  
 
Table 5 Comparisons of Young’s moduli 
  Experiment (GPa) (Gallé et al. 2004) 
Simulation 
(GPa) 
Sound paste 23±0.5 22.5 
Degraded paste 7±0.5 7.64 
 
CONCLUSIONS 
 
An integrated numerical scheme with five modules including hydration module, diffusion module, chemical 
reaction module, damage evaluation module and micromechanical module is proposed in this study. The 
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maximum degree of hydration is considered in the hydration module to generate accurate input data for the 
physical-chemical simulations. The recently developed MPNP model for the modelling of ionic diffusion and an 
alternative method for simulating the decalcification of C-S-H are also applied in this research. The proposed 
numerical scheme is proven to be accurate in modelling the accelerated leaching problem from the good 
agreements between the numerical results and experiments. Finally, the micromechanical module is incorporated 
to predict the elastic properties of cementitious material. Mori-Tanaka method and a two-level homogenization 
technique are adopted, and the degradation of Young’s moduli of cement paste is predicted with high accuracy. 
In addition, a clear relation between the evolution of the Young’s modulus and total calcium content is found 
from the numerical simulation. This relation could be useful for the development of an engineering-oriented 
model for the prediction of Young’s modulus of cementitious materials in the future. 
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